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-The container hopper is designed to attenuate the swinging motions of a maritimne vun container
suspended from a floating crane arid then guside the container directly onto a truck trailer. It was
developed under the auspices of the Marine Corps Development and Education Command and the
Naval F Ifities Ergi-*ering Command.

Teewere two major phates inthe development of the hopper. The first consisted of impact
tests on one of the hopper shock absorbers- -t4igh speed movies were taken of the impacts and
measurements made of the shock absorber deflectors. The test data was combined with a computer

program for stress calculations. From the results it was concluded that fully-loaded. 20-foot long van
container would not be damaged if it should strik~e a hopper absorber at three feet per second or less.

The second phase was a fully operational evaluation of the hopper during the OSOOC 11
(Offshore Discharge of Contairnership 11) exercise in which a containership anchored cne- mile off theI

I Virginia coast was unloaded with a floating crane. The crane lowered containers through the hopper
onto flatbed sem-trailers, MILVAN cha;Ws, and tandem rigs. Like the ctwie, the hopper and trucks
vwre on a floating platform. Loading times as short as one minute were achieved. a

A i? wts concluded that the hopper greatly aids the placing of containe s by floating crane onto
truck trailers at sea. Moteover, the hopper is ane uncomplicated piece of equipment which has the
durability required for container handling operations.
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-IPACT AND OPERATIONAL TESTS OF THE CONTAINER HOPPER

Technical Note N-1313

YF' 53.531.104.01.001

by

M. J. Wolfe and S. K. Wang

ABSTRACT

The container hopper is designed to attenuate the swinging motions
of a maritime van container suspended from a floating crane and then
guide the container directly onto a truck trailer. It was developed
under the auspices of the Marine Corps Development and Education Cotffand
and the Naval Facilities Engineering Comaand

There were two major phases in the development of the hopper. The
first consisted of impact tests on one of the hopper shock absorbers.
High speed movies were taken of the impacts and measurements made of
the shock absorber deflections. The rest data was combined with a
computer program for stress calculations. From the results it was
concluded that a fully-loaded, 20-foot lc.,g van container would not be
damaged if it should strike a hopper absorber at three feet per second
or less.

The second phase was a fully operational evaluation of the hopper
during the OSDOC II (Offshore Discharge of Containership II) exercise
in which 3 containership anchored one mile off the Virginia coast was
unloaded with a floating crane. The crane lowered containers C.'.rough
the hopper onto flatbed semi-trailers, MILVAN chassis, and tande. rigs.
Like the crane, the hopper and trucks were on a floating platform.
Loading times as short as one minute were achieved.

It was concluded that the hopper greatly aids the placing of
containers by floating crane onto truck trailers at sea. Moreover, the
hopper is an uncomplicated piece of equipment which has the dur&bility
required for container handling operations.

Approved for public release; distribution unlimited.
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LN"IWRODUCT ION

Because of reLative motions between cranes and lighters, attempts
to load maritime van containers onto truck trailers while at sea have
met with little success. To improve this situation the container
hopper was conceived and developed by the Studies and Requirements
Division of the Marine Corps Development and Education Co~and, the
Naval Facilities Engineering Comand, the Naval Civil Engineering
Laboratory, and private industry.

This report covers the development of the hopper from the begin-
ning through final operational evaluation. It is divided into six

i sections:

I. GENERAL DESCRIPTION OF THE HOPPER - This section is a
description of the hopper and how it operates. Also included is a

discussion of the design criteria.

II. IMPACT TESTS OF THE HOPPER - One of the primary functions
of the is to attenuate the swinging motions of a maritime van

} container suspended by a crane. A shock absorber system was designed

to accomlish this attenuation without damaging the container. To test
the design, impact tests were run in which a hopper shock absorber was

struck with a large weight. The test execution, data gathering, and
calculations are discussed in this section.

III. OPERATIONAL TESTS OF THE HOPPER - OSDOC Ii - The hopper
was used in Off-Shore Discharge of Containership exercise (OSDOC I) in
early October 1972 at Fort Story, Virginia. OSDOC II was a combined
Army/Navy and Marine Corps exercise to test various means of unloading
a containership anchored offshore. The hopper was a component in one
of the unloading systems tested and, in fact, it was designed and
fabricated to be used in OSDOC II. This section describes the use of
the hopper at OSDOC II, i. e., the fully operational test. Included are
descriptions of the arrangement of the equipment, the truck loading
times, and ccments of the operating crew.

IV. POST-OSDOC II HOPPER TESTS - At the completion of OSDOC II
it was decided that more testing of the hopper was in order, primarily
because it was used only two dozen times at sea during OSDOC II. Addi-
tional tests were done in the harbor at Little Creek, Virginia, under
conditions simulating as best possible the OSDOC 1i operation. The
objective of the post-OSDOC II tests was to gather more data on truck
loading times through the hopper. As a baseline for comparison, the
truck was also loaded without using the hopper.

...........
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V. ESTIMATE OF LOADING CYCLE TIMES AT SEA - As implied above,
the hopper was not used enough at sea during OSDOC I to make a
definitive statement on 'what loading times would be possible after the
crew had sufficient practice -o be well-along the learning curve. An
estimate is made in this section of the probable ioading at sea by com-
bining data from the OSDOC II and post-GSDOC II tests. An asretption is
made that as far as operation of the hopper is concerned, there is no
difference between operation at sea and operation in the harbor where
ost of the data was taken.

VT. CONCLUSIONS - The sixth and final section lists the
conclusions on the hopper design and operation derived from all the
impact, OSDOC II, and post-OSDOC II tests.

I. GENERAL DESCRIPTION OF THE HOPPER

The hopper is designed to be used at sea, mounted on a barge as
sh-nm in Figure 1. When in operation, the hopper-equipped barge is
moored to a crane barge which in turn is moored to a cctainership
(see Figure 2). A truck will be driven off a causeway and positioned
under the bopper, as shown in Figure 3. The crane will remove a
container from the cell or deck of the containership and lower it down
through the hopper and onto the truck trailer waiting below. Figure 3
.hows such a loading.

In port and similar land-based operations the container could be
lowered directly onto a trailer without benefit of the hopper. At sea,
however, wave and swell action will induce motions in the crane barge
and, therefore, the container suspended from the crane. These motions
make it extremely difficlt to position the container directly onto a
trailer. Also, the vessel supporting the trailer will be experiencing
wave induced motions which compound the loading difficulty. Even if
the crane and truck were on the same floating platform the loading
operation could still be difficult due to pitching and swinging of the
container v.which is suspended by the crane's cables. The loading is
particularly difficult if the trailer is a MILVAN chassis, which requires
that the container be placed with a fair amunt of accuracy on four
protruding twist locks.

Thee hopper will do at least three things to facilitate placing the
container onto a trailer:

(1) present a large target for the crane operator as
he lowers the container;

(2) stop any horizontai movement of the container which
may oczur due to movement of the vessel supporting
the crane; and

(3) maintain the container directly over the trailer
as it is lowered into position.
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In the only time it was used at sea the hopper was used as shown
in Figures I and 2. The tests were part of the OSDOC II operation which
took place in October 1972. A containership was anchored approximately
one mile off the beach at Fort Story, Virginia. A DeLong barge was
moored next to the containership and the hopper barge moored to the
DeLong. A P&H truck crane of 250 tons capacity was mounted on the
DeLong.

There were three primary design criteria for the hopper. It was
decided that the system would arrest the movement of an 8'x8'x20'
container weighing 44,800 pounds moving at a maximum horizontal velocity
of three feet per second. An additional criterion imposed on the design
of the hopper was that, in arresting the motion, the container was in no
way damaged by the hopper system upon impact. Finally, the hopper had
to be capable of guiding the container squarely onto a trailer parked
below.

The three foot per second maximum velocity was chosen before the
hopper was built. It is an arbitrary figure which sost observers felt
was a good approximation of the maximtm velocity at which a container
would swing at it was suspended from a crane. For example, if the
container was suspended at the end of a 150 foot line, it would have to
swing through an amplitude (1/2 swing) of nearly 7 feet to reach three
feet per second at the point of saximwj velocity (the bottom of the
swing). This is a relatively large swing, particularly if taglines
are used to restrain the load. In addition, crane operating practice
dictates that the load not be allowed to swing out from under the boom
tip.

AddLng these factors together, it was concluded that the containers
would not strike the bumper at more than three feet per second. This
proved to be a conservative estimate because in all loadings during
operational tests using the barge crane (OSDOC II) and afterwards, the
containers had little horizontal notion if the crane was not swinging
the boom. This lack of pendulating motion is discussed in detail in
Section III.

The hopper consists of two major elements: the top and the base.
Each is discussed below.

HOPPER TOP

The top, as illustrated in Figure 4, consiste of six bumpers
mounted on a rectangular frame. As shown in Figure 5. each bumper

r consists of a curved pipe which pivots about its lowest point. The
rotating motion of the arm is restricted by a dampening device constructed
of two truck tires. The truck tires are bolted to each other, the lower
tire bolted to the fixed inclined plate, and the tipper tire bolted to a
similar plate on the arm.

6
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The tires provide the cushioning or damping effect when the arm is
j struck by a suspended load. They are compressed by the plate on the

arm as the latter rotates under the dynamic forces of the moving load.
Figure 6 illustrates the action of the arm and tires during impact.
This shock absorbing feature allows attenuation of the horizontal motion
of the swinging container at a considerable savings in total weight over
a device which would rely on a rigid structure to absorb the energy.
Moreover, the resiliency of the system results in considerably smaller
shock loads on the container than a rigid structure.

HOPP BASE

The hopper base is designed to accomplish two functions: (1)
elevate and support the top and (2) provide the fine positioning capa-
bility required to place the container on the truck trailer.

As shown in Figure 7, the base consists of four legs with bracing.
On each leg there is a guide assembly which can be manually rotated in
and out of the loading position. In Figure I the guide assemblies are
in the open position. Figures 8, 9, and 10 show the details of a guide
assembly. Each assembly consists of two movable flared wings which can
be moved back and forth over each corner of the trailer. As can be seen
in Figure 9, the wings are moved by a screw mechanism which is actuated
by turning a wheel. One %ing provider forward/aft adjustment and other
side-to-side adjustment.

The screw mechanism for fore and aft control is a straight-through
screw which pushes or pulls on the lower portion of the hinged wing.
The wing is hinged at the top and rotates about the hinge. For the
side-to-side wing it was necessary to put in bevel gears to make a right
angle turn. This arrangement makes it possible to control the two wings
from one location, since the wheels are located next to each other.

The lower edges of the wings meet at a 1050 angle (see the top
view in Figure 9,. This provides extra clearance which permits the
operators to swing the guide assembly to the open position without
withdrawing the hinged wings after the container is posit-ioned on the
trailer.

To help center the truck under the hopper two 20-foot long position-
ing rails were welded to the pontoon deck. These are shown in Figure 7
and can be partially seen in Figure 1. The distance between them is
slightly less than the distance between the inside of the tires on the
MILVAN chassis.

Positioning the truck lengthwise under the hopper is accomplished
by stopping the truck at a pre-determined point, marked vith a line
painted on th2 deck. Once the truck is positioned, the guide assemblies
are swaung into the loading position and the container loaded onto the
trailer. The guide assemblies must be swing to rhe open position before
a loaded truck can proceed from under the hopper.

9
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Each of the guide assemblies is equipped with an operator's plat-
form, shoyn in Figure 7. Without the platform, shorter operators way
have some difficulty turning the adjusting screws, which are over five
feet above deck level. Also, it is easier for the operator to see the
twist locks on the MILVA.N chassis when he is elevated slightly.

The guide device is held in or out of loading positioning by a
simple latch, which can be seen in Figure 9. The latch is hinged to
the assembly and drops into a slot on the supporting mast. This allows
quick and positive control of the unit as it is pushed by the crew into
and out of position.

When fully assembled, the hopper weighs a total of 33,000 pounds.
The base weighs 18,000 pounds; the top, including bu=pers, 15,000 pounds.
When the hopper is disassembled, no piece weighs more than 4,000 pounds.

OPERATION WITHOUT THE TOP

A3 stated earlier, the primary functions of the hopper top are to
arrest the swinging motions of a c.ntainer and then guide the container
down to the fine positioning devices. Conditions may permit use of the
hopper without the top. For ex le, the sea state may be mild, so

| barge mid ship motions wou ld be s=11l. Or the container handling crane

=a,-y be equipped wi~th t-aglines t4h eliminate ccnainsr notios. If
~either of these conditions exists, it my be possible to dispense with
~the top of the hopper and use only the guide assembly to position the

_ [ constainer on a truck. The main advantages of eliminating the top portion
| would be the reductions in the buJlk of the hopper system mid set up time.

Since the hopper is to be used primarily in axphlbious operations in
t uninpraved ports and =ist, therefore, be transported via amphibious

shipping, any reduction in shippLg cube and assembly time would be
adva-tageous.

With these points in mind, the hopper was designed to be used with-
out the top. The top can be unbolted from the base and set aside. This
leaves just the haae with the guide assemblies exposed. Figure 11 is a
photograph of base without the top.

TRUCK =RefM -0 HOPPER AT SEA

As shown in Figure 2, the trucks are brought from the beach to the
hopper on a three-section pontoon causeway. Each section is 90 feet
iong and the total length of 270 feet provides enough room for six trucks.
Warping tugs or LQ4-6's were used to push the causeways to the hopper

An empty causeway is connectioned to the other side of the hopper
barge. This is the causeway on which the loaded trucks will return to
the beach. The trucks drive under the hopper, are loaded, and proceed
forward to the empty or forward causeway. Once all the trucks are loaded
and on the forwrd causeway, it is disconnected and push ashore. This
leaves an e=pty causeway at the hopper barge - i. e., the causeway on

S 15



which the empty trucks arrived. So next the causeway of unloaded trucks
will connect to the opposite side of the hopper barge. In this manner
the trucks always drive forward to under the hopper, are loaded, and
then proceed to the forward causeway.

At OSDOC II there were three causeways in the system: one receiving
loaded trucks from the hopper barge, one from vhich the trucks are
driving onto the hopper barge, and one at the beach. At the beach the
loaded trucks are driven off the causeway and across the beach to the
cargo dump. Once all the loaded trucks have debarked from the beached
causeway, the next group of trucks to be Icaded drive on for the trip
back to the chl.

ILn.

Figure 11. Hopper without the top. Fine positioning asseblies
are in the "closed" position.

16



II. IMPACT TESIS OF THE HOPPER

Ih'IRODUCTION

The bucpers were tested to deternine their characteristics under
loading to esuzre that they met the design criteria. The impact tests
were done at NCEL with the folloing objectives:

1. NIeasure the response of a bumper to imect loading.
2. Determine whether a standard 8xx20' container,

loaded to capscity, will be damaged if it strikes
a bumper at a maximm horizontal velocity of three
feet per second.

ARRAWNGEtP OF TEST~ EqUIPXCT

The impact test consisted of swinging a large weight into one of
the bumpers. Figure 12 shows hoy the test equipment was arranged.
One bumper ws bolted on the end of the rectangul-1r hopper frame; some
concrete weights were placed on the opposite end to prevent tipping of
the fraae and bumper upon impact. A truck crane with a 65-foot boom
was parked behind the bumper. The crane was parked and the boom
positioned so at rest the leading edge of the load was almost touching
the bumper arm at the impact point. impact was always at approxinately
the same location: an area about 5k feet from the pivot point along
the bumper am.

The load was a 15-ton concrete anchor block suspended from a single
lifting eye. To sring the load for a test run, a cable was tied to the
lifting eye and the other end attached to a quick-release hook secured
to a forklift. The forklift backed up a pre-deteruined distance and
the quick-release hook unlocked, thereby allowing the load to swing
into the bu=per.

A Mitchell 16 high-speed camera was used to photograph two grid-
works near the arm. (Ie grid, of squares 2/10 of a foot on a side, was
placed behind the arm. Ic was approximately 70" behiad the bumper.
Tni grid wan photographed during most of the tert runs since both the
arm, impact point, and the load could be photographed siultaneously.

Two rods were welded to the free end of the arm and extended out-
ward approximately four feet. These can be seen in Figure 12. A two-
inch diameter disk was welded to the ends of the rods where they inter-
sected. A second grid of one-inch squares was placed i.ediately behind
the disk. The length of the rods exaggerated the motion of the arm and
was particularly useful in measuring arm notions when the load was mving
at slower velocities. It was not possible to photograph both grids
s imwl aneous ly.

1
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A piece of plywood with radial lines every 2?o was mounted on the
arm at the pivot point (see Figure 12). A stationary rod was placed
just in front of the plywood. This arrangement could be seen when the
large grid was being photographed and permitted a quick and easy measure
of the angular rotation of the arm during impact.

The high-speed camera was placed approximately 35 feet away from
the bumper and operated at 112 frames a second. When photographing
the large grid, the camera remained on a tripod on the ground. Tophotograph the small grid and disk/arm arrangement, it was placed on a

seven-foot shipping container to give an almost head-on shot.

DATA REDUCTION

After the test, the film was processed and put on a Vangard
Analyzer. The analyzer permits frame by frame viewing of the film.
In addition, crosshairs can be super imposed over the viewing screen
to permit measuring the movement of the load or any other object in the
film, using the grid as the scale.

When viewing the analyzer, movement of the arm or load in front of
the large grid was not a direct measurement since the grid was notgv
iediately behind the arm and/or load. Thus, using the grid will give
a measurement greater than actually experienced by the load or arm.
Solving this problem requires nothing more than using similar tri-
angles to calculate the simple linear relationship between actual and
measured distance.

Time measurements were made by counting frames, assuming 1/112 i
second between frames. The rate of 112 frames per second is accurate
to + 2o.

In analyzing the film on the analyzer, an arbitrarily chosen
reference point of displacement and time was used. In general, an

easily recognizable spot on the striking weight was followed from the
moment it first appeared on the film. The location of the spot at that
moment was used as the reference point. Once the reference point was
chosen, the following steps were used to take data from the film:

1. record the x, y coordinates of the reference point;

2. advance the film 14 frames (the equivalent of 1/8 of
one second); and

3. move the x, y hairlines on the screen to the new
location of the reference point and record the new
coordinates.

These steps were repeated until impact of the weight and arm had
taken place. Then, in addition, the motion of a point on the arm was
also followed by recording its x, y coordinates at different times.

19



One of the easiest and clearest ways to view the capability of the
bumper to attenuate the horizontal motion: of a load is to compute the
amount of energy absorbed during impact. The bumper and load is a
system which possesses a certain amount of energy which is a function
of the velocity of the concrete block just before impact. The way the
test was set up, the block was at the bottom of its owing just slightly
before it hit the bumper. Consequently, the total energy of the bumper/
load system is equal to the kinetic energy of the load just before
impact:

Total energy - K. E. of load just before impact

energy absorbed during impact with bumper + kineticF energy of load after impact.

Letting

VM velocity of load at impact

Vs -velocity of load at separation from bumper arm

M - mass of load

E - energy absorbed during impact

2 2
(/ E+ (/2)Vo

or
2

= - El((l/2)HV)

The ratio of (V /V )2 is, therefore, a measure of effectiveness:
It is the fraction o t tal energy dissipated in any one impact, i. e.,
the ratio of the kinetic energy of the load after impact to the kinetic
'total system) energy before impact. This ratio will be used as a
measure of system effectiveness in the following discussion.

OBSERVATIONS AND DISCUSSION

Test results are presented in terms of horizontal-displacement

history of the striking weight, and the angular displacement history
of the arm. The velocity of impact, Vi, was obtained by measuring the
slope at the point of impact of the horizontal-displacement history
curve of the striking weight. Impact velociLies of 1, 2 and 3 feet per
second were used. The velocity of separation, Vs, was obtained in the
same manner.
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V= 1 fps Runs (Figures 13 and 14)

There were three test runs at this velocity. Data fron one run
was reduced. The weight was displaced initially 21 inches horizontally
from its equilibrium position. A horizontal velocity of 1.13 fps (feet
per second) was achieved at impact. The arm rotated 0.075 radians in
about 0.75 seconds after impact. The weight separated from the arm at
1.9 seconds after impact with a horizontal velocity of 0.73 fps. The
weight and arm stayed together during the whole period from impact to
separation. There was no rebound (i. e., the arm didn't fling the load
back), but the weight was observed sliding up and then down the arm.
No noticeable physical damage of either the hopper arm or the concrete
weight was observed. A ratio was obtained of the kinetic energy of the
weight at separation to that at impact, i. e.,

r =]2 .42

Vi = 2 fps Runs (Figures 13 and 14)

Three tests runs were conducted at this velocity. The weight was

displaced 42 inches from its equilibrium position. Data reduced from
one such test run showed an impact velocity Vi - 2.38 fps; a separation
velocity Vs = 1.5 fps; a maximum arm rotation 0.15 radians, and a time
duration of 2.4 seconds from impact to separation. Again, there was no
rebound: but the load slid about 10" up the arm from the point of
impact. No physical damage was observed on the load and arm. It is
interesting to note that the arm dwelled about 1/4 of a second ducing

its recovery rotation as the load slid downward. The dwelling was
believed to be a combined result of weight rotation a:d deflection
characteristics of the shock absorbing mechanism (Figure 14). A ratio I

2
Vru= .40

was obtained.

Runs of Vi = 3 fps (Figures 15 and 16)

j There were five tests runs at this impact velocity. Te weight
was displaced 62.5 inches from its equilibrium position before being
released. Data reduced from one such ru. showed an actual impact
velocity of Vi = 3.27 fps; a separation velocity of Vs - 2.23 fps; a
maxiztmm arm rotation of 0.22 radians; and a time duration of 2.85
seconds from impact to separation.

S21 



c777

cv)

C) 4

0 60

00

-4i V-

4

C142

4) C)

.0 >.

00~

Ln~VVr I3aau -a x
~2



0.10-

4-05

0

00

0.1

0.05[0

0 1 2
Time, sec

(b) Striking velocity V 2.38 fps

Figure 1.4. Angular deflection history of hopper arm.
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There was no rebound, but sliding was observed. The weight slidI upward along the arm an approximate total of 14" from the impact point.
During this sliding, dwelling of the arm was observed during both its
deflecting phase and its recovery phase. The dwelling lasted about 0.4
seconds during each phase (for a total dwelling time of 0.8 seconds).
The load appeared to be always sliding along the arm at it pushed the
latter. However, it would simultaneously slide and push to a point
(about 5" above the impact point) where the arm would stop rotating and

remain held in one position while the load continued to slide upward
v along the arm another nine inches or so and stop. The lead remained

stationary for an instant and then elid downward the nine inches, where-i upon the arm would begin rotating back. There was always contact between
the load and arm until the latter reached its neutral (unloaded) position.
This action accounts for the dvelling of the arm and can be attributed
in part to the location of thr impact point &nd the geometry of the arm.

An impact point lower on the arm, or an arm that is not curved, way not
have allowed dwell:ng to occur.

A ratio of

[I= .46

was obtained.
In contrast to the previous cases, data from the second cycle were

also recorded and reduced in this run. The data showed a second
impact velocity Vi.2 = 2.20 fps and a separation velocity Vs, 2 = 1.33
fps. Vi,2 at 2.20 fps is within 2Z of Vs,l which was measured to be

2.23 fps. A maximum arc rotation of 0.14 radiar' was measuired and a
time duration of 2.6 seconds from icPact to separation. No rebound,
but sliding was observed. No physical damage resulted in this second
impact. A ratio

= .37°-- i ,2

was obtained.

RESULTS OF IMPACT TESTS

The velocities of the striking weight reported were the velocities
of a point "A" near the edge of the concrete block (Figure 17) but not
those of the center of gravity of the concrete block.

- In doing so, an error of no more than 3Z is induced if a sirle

pendulum approximation is employed, since, referring to Figure 17b.
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r 7 -
A. ..- c. 64.5-63 <3%

63 " cag. - 63

No more than 4% error is induced if a pendultm with t-w degrees of
freed= approximation (Figure 17c) is used as the model, since

V6.g.0 o + 3

"A -60 +5.5

VA- V.. 2.15 0 2.15 B 2.15
Vcog. 60 4+ 3 0 60 .970) + 30 61.2

(As shown in Appendix A, the amplitude 4 in the funsm tal node is
ap-roximately 0.97 that of 6. Appendix A also presents a discussion
of the estimates of error aszociated with equating the velocity of
point A with that of the center of gravity of the weight.)

" Slight rotation of the striking weight v" evidenced by the
difference in impact points of the first and second cycle for the 3 fps

- run. The second Impact took place 0.2 second and 4 inches sooner than
theoretical calculations indicated (cf. Figure 15). As shown in Figure
15, this rotation induced little change in the slope of the displacement

j history curve in the immedi-te nefghborhood of the impact point.

Su~m"c of Runs at 1, 2 and 3 fps

The runs with the 15 ton load are s,-urized below:

2
un(~if ) v/v ~ aArm

Ru s £1 Def (ad)

fps .42 .65 .075
2 fps .40 .63 .15

3 fps - 1st impact .46 .68 .22
2rd impact .37 .61 .14

It can be seen that the ratios of Vs/V i are all within 4% of their
average. Consequently, as a rule of thumb, the separation velocity of
the loads is about .64 of the impact velocity for the 15 con concrete
block.

27

-______



I~~~- -JN9'-"- '-

2'2

i ii
131

45'II

c.g.

__ __ __ __ ___I

2.5' 4'_ _

(a) cocrete weight

64. 60'

63'
or

(b)"'A c.g. 3.15'

(b) sample pendulum c

approximti .

(c) pendulum with 2-degreeb of freedom

Figure 17. Specifications of veight and supporting cable.
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Similarly, the square of (V 5/Vj) i. e., the ratio :f kinetic energy
of the block at separation to the kinetic energy at impact, is about .40.
Thus, it appears that the bumer absorbs about 60. of the 15 ton load's
kinetic energy regardless of the impact velocity (assuin that it
strikes first at about 3 Eps or less).

The above are approximations, of course, Eut are useful numbers
when discussing the shock absorbig features of the bumper in general
terms. It should be noted that they were wi-sured from tests with a
15-ton load striking the bumper arm at the same place -n every impact.
Different size loads will undergo different motions. However, for loads
in the neighborhood of 15 tons, the behavior exhibited by the bumper in
the tests can serve us a good approximation.

Figure 13 shows a plot of the actual measured velocity of the corner
of the load (point A) during the impact tests in which the initial

striking velocity was 3.27 fps. Also, plotted in Figure 18 is the
theoretical velocity of the center of gravity of the concrete block if
it were allowed to swing back and forth as a simple pendulum starting
from the initial condition. In other words, the measured velocity of
point A shovs what happened to the load hitting the bumper, while the
theoreticai curve shows what would have happened if there were no
bumper.

Since the high speed camera was focused on the art and impact
point, the load could not be seen until it had traveled about 1/3 of
the way to the arm. This is why some of the measured VA curve is not
plotted just before impact. An estimate was made of about where the
measured curve should start in relation to the theoretical curve,
assuming both starred at time zero. It is important to note, however,
that the differences in the peaks and valleys of the two curves are the
most significant quantities. It can be seen that the velocities of the
load are reduced coasiderably after two impacts with the busper arm.
Without the arm the load would still be swinging at over 3 fps; instead,
it is swinging at less that I fps after only two impacts.

To get an cverall estimate of the cu-shioning effect of the bumper,
note that the area under the negative part of the measures velocity
curves (the center portion) is 62% of that under the computed (theoret-
ical curve).

Effect of the Cover Plate

The cover over the hole in the lower fixed plate of the bumper
(see Figure 5) is provided to restrict the outward flow of air from the
interior of the tires as they are compressed. The hole in the lower
fixed plate is 1-3/4 feet in diameter and the cover provides a 5/32"
gap around the perimeter through which the air can pass.

Due to limitations in time and crane availability, it was decided
not to vary the gap width. However, some calculations were made* which

Northrup Corporation, Electronics Division, Report NORT 72-95.
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suggested that peak contact force between the bumper arm and container
may be reduced somewahat if the gap were reduced from 5/32" to .05". A
reduction in the impulse was also indicated.

Nevertheless, calculation of stresses in a full-loaded container
striking the bumper arm show that the container is not over-stressed
if the gap is 5/32". The calculations are discussed in the following

ku sections. Consequently, the buners, as tested, are satisfactory and
no changes in the gap width is necessary or worthwhile. h t

DETEMIX TION OF FORCES ON BU? ARH

The data discussed to this point provide insight into how the
bunper behaves as it is struck by a load. The next step is to deter-
mine: (1) the mgnitude of the forces during impact and (2) what
stresses wuld be induced in a standard van container by these forces.
This entailed measuring the deflectim/force curve of the bumper and
relating it to the motions of the arm under loadings as seen on the
film.

Calibration

Figure 19 shows the set-up for the static calibration of the hopper
arm, and the raw data obtained. Figure 20 shows the moent-angular

Fdeflection relationships which were deduced (graphically) from the
calibration data using a ' 1' scale. The caiibration mrve, pre-
sented as moment vs angular deflection curve, is shown in Figure 21.
The curve shows a non-linear nature of the tires as they are compressed.

I Force Calculation

t
E With the angular deflectious of the Vi 3 fps test run (Figures
1 15 and 16) as the entering points, the corzesponding moments were read

from the hopper arm calibration curve (Figure 21).
Assuming that the force at impact consisted of a normal cooponent,

N, in a direction always normal to the hopper arm, and a frictional
co-mponent, ;.,N, in a direction always tangent to the hopper arm, (see
Figure 22) it can be shown that:

(1)

N - N

1here

t- is the coefficient of friction between the concrete block
and arm.

I
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dN and d are the moment arms of the forces N and gi N,
reseeively.

M - is the moment read from the hopper arm calibration curve
(Figure 21).

The sign in the denominator is determined by the direction of p N.

The table in Figure 22 lists the coordinates of the izpact point,
the direction angle, t, of the normal to the hopper arm, the moment arms
dN and d N, All the quantities were obtained graphically using a 1"
1 scale. Also listed is the computed values of p , N. Two values for
4 were used: gs= .57 for steel on steel, and I .7 -for aluminum oni steel.

Table 1 and Table 2 present the values of N coputed by using
equation (1), ad the values of the resultanti R by

~R = N2 (1

~~and the directlo~n of R by y - (90 °0 + tan ,

A mx m- value of R = 6,240 pounds wth a nearly vertical direc-
tion vas obtained. All the above were deduced from the data of the
first cycle of the 3 fps test run. Those for tae second cyclc are
shown in Figure 23 and Tables 3 and 4.

As can be seen, the magnitude, the direction, and the point of
application of R varied during the period from impact to separation.
Consequently, the induced stresses in the container also vary during
the impact.

CALCULATION OF STRESSES IN THE COMET-AER

In the analysis of the stresses in a container striking the hopper
arm it was assumed that the inertia force of the arm is snall. There-
fore, the syste= can be viewed as quasi-static; that is, the force
imposed on the container by the arm is a function of only the deflection
of and the position of the container on the arm. In other words, a
container -.riil "see" a series of static loads as it hits and slides
along the arm. It is assumed that containers hitting the arm will hit
at the same impact point or higher than that used in the tests with the
15-ton concrete block, and in addition, will generally follow the same
path as the block up and down the arm.

Since the testz with the concrete block were practically a worst
case situation - i. e., a relatively large mass hitting the bumper arm

at greater than design velocity - it is unlikely that any container
hitting the arm vill be subjected to forces larger than those calculated
in the previous section. This is particularly true of containers
weighing less than the 15-ton block.
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D

37" 1 I
16" I,

26 91 62"5

F, lbs D, in

0 36
250 35-3/4
500 34-3/8

1,000 30
1,500 27
1,725 24-3/4
2,000 23
2,500 21-5/8
3,000 20-3/8
3,500 18-3/4
3,500 13-1/4

Figure 19. Setup for hopper arm calibration.
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1!

0!

I

F, lbs d, in M Fd, in-lb 0, Radian

0 87.4 0 0
500 87.7 43,850 0.021

1,000 89.2 89,200 0.091
1,500 90.0 135,000 0.136
2,000 91.3 182,600 0.199
2,500 91.6 229,000 0.220
3,000 92.0 276,000 0.238
3,500 92.4 323,400 0,262

3,500 93.2 326,200 0.349

Figure 20. Data of hopper armi calibration curve.
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- -

v iA -Y -gab -0)

N
IR

y (90-0)tan PL

tan' ) -

PI

0 0 0 20.75 55.50 47.1 j 0 59.6 34.3 16.10O 19.55

1 0.20 0.0ff 27.80 65.00Q 53.9 $7,500 60.7 35.8 16.85 20.40
2 0.45 0.175 37.20 65.00 58.9 163,000 61.1 36.4 17.10 20.30

3 0.70 0.201 35.25 63.00 64.0 190,000 63.2 39A L6.70 22.70
4 0.95 0.206 40.25 "4.25 64.9 200,000 638$ 40.8 19.20 23.30
.5 1.20 0.215 390 63.75 64. 220,000 63.4 40.0 180 22.00

6 1.45 0.192 38.50 65.00 63.4 177,500 63.5 60.5 19.05 23.10

7 1.70 0.14" 33.70 "4.20 61.2 142,500 63.5 60.5 19.05 23.10
8 1.95 0.135 32.90 65.20 M6.3 132,500 6-.1 38.0 17.85 21.701
9 2.20 0.119 29.60 65.00 55.5 117,000 61.3 36.5 17.15 20.30

10 2.45 0.065 24.70 63.50 50.9 73,000 59.2 33.5 15.75 19.10

11 27 005 18.20 03.50 4".5 0 58.0 31.5 14.80 17.95

Figure 22. Container force, cycle 1.
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N II
¥ - (0) i- 900

0 (t
traan li

-1

____d 1, 7, 1* oe X ia-lb In p=.

T aim cotct, __5~std, 99* p21X2
0 .0,9 0 17.50 62.50 ,3.5 0 57.5 30.2 1.42 17.2
1 9.21 0.0262 0.5C 63.50 45.5 7,500 5.5 32.2 15.. 15.3 1

2 9.46 0.0785 25.75 63.40 51.5 00,000 9.6 33.5 15.7 19.1

3 9.71 0.118 29.20 63.30 54.5 116,00 60.4 34.5 16.2 19.71 4  9.% 0o. LO 33.10 6..00 -. 0. 137,500 1 2.0 37.0 17.4 21.1J5 10.21 0.1310 33.50 65.00 58.5 129,00 62.5 38.0 17.8 21.7

i 6 10.46 0.12n0 32.70 65.60 57.8 120,000 62.8 38.0 17.8 21.7

7 10.71 0.09601 31.00 66.70 56.1 93,000 6-.8 38.5 18.1 21.9

I 10.96 0.0699 27.10 66.00 52.A 75,000 61.3 36.2 17.0 20.6

9 11.21 0.0524 25.00 65.00 50.2 68,000 60.4 34.8 16.3 19.8

10 11.46 0.0297 20.50 63.30 46.0 33,0 58.5 32.o !.0 152

11 11.71 -0.0067 16.20 61.00 42.0 0 56.0 9.0 13.6 16.5

Figure 23. Container force, cycle 2.
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Computer program "SOLID SAP ' was employed for calculating the
stresses in a container striking the hopper arm.* A model with 1,210
mass nodal points, 378 beam elements for the frame structure of the
container, 884 membrane elements for the cover surfaces other than floor,
and 288 plate elements for the floor of the container was used. Stress
distributions in the container were calculated for three loading
conditions:

I. "roof pick-up" (supporting the container from the four
upper corner fittings) with the container loaded to
89,600 pounds, i. e., twice rated capacity;

2. a unit concentrated load of 1,000 pounds applied vertically
to on- end (Figure 24a); and

3. a unit concentrated load of 1,000 pounds applied horizon-
tally on one end (Figure 24b).

The stresses caused by the unit leads were multiplied by the
appropriate factor to give actual stress. The multiplication factors
were determined by resolving the force of the bumper arm on the container
into horizontal and vertical components. These stresses were added to
the stresses caused by the floor load, using the principle of super-
position and assuming elastic behavior of the structural members of the
container.

The load case chosen - that is, the container strking one bumper in
the center of an 8-foot side - is considered the worst of the most likely
loading situations as far as impact forces are concerned. It is unlikely,
for instance, that the container would strike only one bumper on the 20-
foot side; instead, it would strike two bumpers, which would result in
smaller impact forces.

Stresses in the imediate neighborbood of the load applkcatio-
point for two loading cases are given in Figure 25. The values give&
are the combined stresses in the beam elements caused by roof pick-up
and impact with the bumper. Cases I and II were determined frcm the
hopper tests for, respectively, the first and second impacts of the

concrete block tests (discussed previously) were the first striking
velocity was 3.27 fps. The peak stress values calculated are 12,980 psi
in tension and 8,810 in compression, both on the first impact. (The
forces used in each case are the maximums determined from the impact
tests.) The yield strength of the container frame members is 36,000 psi,
so it is evident that the members are not overstressed (particulary when
it is remembered that for the sake of safety, the program "loads" the
container to twice its actual weight capacity).

Wilson, Edward, "SOLID SAP, A Static Analysis Program for Three Dimen-
sional Solid Structures," University of California at Berkeley, 11C SESM
71-19, March 1972 version.
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1 1 )000 lbs

(b) ,0lb

Figure 24. Load cases.
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A cross-section of the beam used in the calculations is also shown
in Figure 25. This is a representative beam; that is, it is typical of
the memrs used as the end cross-member in a container. This particular
member is from a Quick-Camp module, a container developed for the Seabees
as a shelter/service unit compatible with container handling and transport
equipment. The Quick-Casp container meets international regulations and
as such it is at least as strong as any other shipping container. Details
of container construction vary between manufacturers so under the same
loading conditions another container will most likely have different
values than those in Figure 25. However, considering the similarities
between containers - they are more alike than unalike - there is little
danger in assuning that the results given in Figure 25 would change only
moderately at worst if another container were used as an example. Also,
at the strezs levels involved, even gross percentage differences between
containers would be of little concern.

One point worth noting is the stress level in the neighborhood of
point "G" (Figure 25). This point is in the middle of a cross-member
about 40" from the end. At G, a bending stress of 35,600 psi is reached
due to the roof pick-up alone. The effect of the hopper induced load
on the stress at G is less than 1%.

SUMi.AY OF IHPACT TST FINDINGS

The maximm stresses in the container due to impact are within
acceptable limits. Based on a quasi-static analysis, the edge of the
container which strikes the arm is not overstressed, even if relatively
large forces are assumed. Using the largest impact force measured in
the test, the naxismiu stre-ss in the corner rail of the container is
12,980 psi (with :he container loaded to twice its maxiim capacity),
which is well below the yield stress of 36,000 psi for steel. Uually
a design stress of 20,000 psi is used for steel of the type ued in a
container. Consequcntly, it is concluded that a fully loaded container
striking a buzzer end-on at 3 fps or less will not be damaged,
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III. OPE TIAL TESTS OF ra HOPPER - OSDOC II

BACKCRON'D

The container hopper was used in Offshore Discharge of C-ntainer-
ship I (OSDOC II) n early October 1972 at Fort Story, Virginia.
OSDOC II was a combined Army, Navy, and 'Mmine Corps exercise done to
test various means of unloading non-self-sustaining containerships in
the open sea.* The hopper was a component in one of the unloading
syste=s tested.

0STALL&TION OF THE HOPPER

The hopper w-s assebled and installed on the 7x15 barge by
Am-phibious Construction Battalion-IWO, Little Creek, Virginia. The
hopper arrived at Little Creek disasse-bled, requiring that it be bolted
together and the base plates weled to the pontoon deck. Once assebled,
the two halves of the base were lifted onto the pontoon barge and placed
on their respective base plates. The top was then placed onto the base
and the entire unit bolted together. As noted in Figure 7, the bottom
of each support let is bolted Lo the plates uAhich are welder to the deck.

No unusual difficulty was encountered in the assebly and instal-
lation of the hopper. Before it is used again, however, the dia eter of
the bolt holes should be inczeased to provide greacef tolerance for
esating two pieces which are bolted together. Additionally, extra holes
should be drilled in mting flanges so a spud wrench can be used to
align the holes. These tio improverents will .ake the assecbly easier
to accomplish.

A total of 96 man-hours were required in the assembly. Welders,
steel workers and a zediu= size (20-ton) crane were needed to complete
the job.

HOPPER OPMATICS AT OSr)C 1I (IC October 1972)

The hopper was used on two successive days during OSDOC II. In
addition, two weeks after OSDOC 1I, it was used in a test exercise at
Little Creek, uhich simulated the O'DOC Ii tests. Each day's testing
is dizcussed In detail in the following paragraphs.

A non-self-sustaining containership is a concainership which does not
have cranes on board.

46

[



- ... ...-.. ...
The first day of operation was hampered by problems in mating one

of the causeways to the 7x15 barge. The causeway with the trucks on it
was connected to barge; the other causeway was not. Rather than dis-
connect the one causeway and return to the beach, 12 simulated loadings
were done through the hopper.

The experiment consisted of driving the first truck off the cause-

way and into position under the hopper. The truck was a M-818 tractor
with a MILVAN chassis. The large crane on the DeLong barge then re-
moved a container, which weighed 10 tons, from a containership cell,
lowered the container through the hopper and onto the chassis. The
crew checked each corner of the container to ensure that the twist locks
of the chassis could be locked, i. e., that the truck was loaded, then
gave the signal for the crane operator to lift the container off the
truck, through the hopper and return it to the ship's cell.

The spreader bar was never disconnected from the container. No
actual locking of the container to the chassis took place, since it is
a minor task which only requires the crew to rotate a handle a turn or
so to secure the container.

Once the container was clear of the hopper, the truck banked up
onto the causeway and the operation repeated. This ensured that theI , truck had to be driven under the hopper and positioned before the next
loading. See Figure 26.

tWo different truck drivers were used. One drove in the first six
runs; the other in the remaining six. Neither had driven through the
hopper before the tests.

Two crews were used to operate the hopper. For the first six runs,
nine Navy persorael were used: one at each of the four hopper guides,
one handling each of the four tagline3 on the container spreader bar,
and one in charge. Seventeen Army personnel were used in the second
six runs: two at each of the four fine positioning guides, two on
each of the four taglines, and one in charge.

Both crews were familiar with the hopper function and how it
operated, but neither had used it more than a few times before the
tests.

Elapsed Times - First Day

Elapsed times were measured beginning when the crane began to lift
the container out of the containership cell, ending When the container
was in position, ready to be locked onto the MILVAN chassis. For the
first (Navy) crew, these times were 5, 2, 6, 2, 2, and 2 minutes, for
an average of 3.2 minutes. For the second (Army) crew, the times were
2, 4 , 4, 5 , 2 and 2 minutes for an average of 3.3 minutes.

In all but a few of the 12 trails the crane operator began lifting
the container out of the cell shortly after the truck appeared to be in
position. In a few instances the container was out of the cell and
over the hopper before the truck was in final position.
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It must be noted that the timing of the six-minute run of the
first crew did not begin until the container was over the hopper.
This is in contrast to all other runs, in which the timining began as
soon as the crane operaLor began lifting the container out of the
ship. Additionally, there appeared to be some confusion during this
run on the part of the deck crew. If the 6-minute time is eliminated
as "dirt" in the data, the average time for the remaining five runs

may be used, i. e., 2.6 minutes.
The overall average of all twelve runs was 3.25 minutes for the

transfer of the container from the ship's cell, through the hopper, and
onto the chassis.

The transfer of the container back to the cell - (the reverse of
the loading cycle) took an average of two minutes. This time was
measured on only six of the twelve runs: once for the Navy crew; five
times for the Army crew.

Another way to view the operation is to consider only the times
where the hopper itself -r.s involved in a loading operation. This time
is the "positioning time," and is independent of the time required for
the crane to lift the container from the cell and swing it around to
the hopper. Starting the measurement when the containers was first
over the hopper (about 10-feet above it) and ending when the container
was on the chassis, the elapsed time for the first crew averaged 2
minutes 3 seconds (4 trials); for the second crew, 2 minutes 24 seconds
(6 trials).

It is important to remember that the average elapsed times given
above are based on limited data. It is clear that the number of trials
is too small to make statistically valid conclusions about the hopper
loading times.

In addition, and perhaps most importantly, the trials were mre of
a practice session than a simulation of a sustained off-loading exercise.
Tagline handling, for example, differed from run to run as the crews
experimented with various handling techniques.

From an overall standpoint, therefore, it appears safest to classify
the first days operation of the hopper as a trial and error period for
all concerned - deck crew and crane operators.

Equipment Evaluation - First Day

The hopper was operated without difficulty on the first day.
There were no problems in swinging the guide assemblies into position
or turning the wheels. Tere were some minor things, which are noted
below.

Taglines - Handling on First Day

Both crews had some difficulty in handling the taglines, which
were attached to the corners of the spreader bar. This was particularly
true of the second crew, which on two occasions had the taglines crossed
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up and tangled around some parts of the hopper. Further training "th
the hopper would at least alleviate this problem.

It should be noted in-conjunction with tagline handling that the
lifting beam on the crane was not equipped with a swivel. Consequently,
it took more effort than desirable on the part of the deck crew to pull
on the taglines to rotate the container. Since the 7x15 hopper barge
is too small to allow handlers to move out and pull on the taglines
with optimum force (see Figures 1 and 26), it is strongly recomended
that a simple swivel be included in all futur e rigging for an operation
of this type. On the second day of causeway operations a swivel wag
used to great advantage during the hopper operations.

Damage to the Hopper Guide Assembly Latch - First Day

As shown in Figure 9, the guide assembly rotates on a collar. A
locking latch rotates with the assembly and can be dropped into one of
two slots which locks the assembly in or out of loading position.

During one of the loading operations when the container was far
down in the guides, just a few inches from the chassis, the crane opera-
tor pulled up on the container. The container was low enough in the
guides that the lip on the lower edge of the door caught the lower edge
of the fore-aft hinged guide. Similarly, the lip on the lower edge of
the container at the other end caught the fore-aft guide at the opposite
end of the hopper. Consequently, when the crane operator started lifting
up en the container, the two guide assemblies were lifted along with it,
sliding upward along their respective support legs. The latch was
therefcre lifted upward, out of the slot. Once clear of the slot, it
fell inward so its non-hinged end was in contact with the support leg.
When the crane operator lowered the container, the end of the latch dug
into a ridge of the collar. The latch could not support the weight of
the guide assembly and was bent.

Figure 27 shows one of the bent locking latches. The damage was
- not serious and hopper operations did not have to be suspended. Even

with the handle bent, the latch would still work. The latches are
equipped with a spring-loaded detent which will keep it in the, locked
position, during loading, or out of position as the gt,'-de assembly is
being rotated. Some of the deck crew would push the latch inward past
the point where the detent would engage, and this probably is the reason
the latches fell inward.

The bent latches were easily straightened by pounding them with a
sledge hammer. This was done on the following day just before operations
with the hopper began.

To prevent damage to the latch in the future, a positive stopping
device will be installed. It can be either a detent with a stronger
spring, or a small pin in the slots to make it impossible to push the
latch passed the point where it would point toward the support leg,
Both solutions are simple and will be easy to do.

50



-1

~ - - --~ -~-

0
4J
6

-a

I V

V

U

V 0

c~J
*
$4

-aca~

51

-. ~ 4~4



I
Crew Size

The first day's operation indicated that the tine and Qffort
required to load a cotainer through the hopper are hot decreased by
nearly doublizij crew size from nine to seventeon. a cs

no n ore effective than the nine-man crew, and ita 9 ~ta hsmaller crew sizeJi all that is needed. - ,,

HOPPE OPERATIONS - 11 October 1972

In the second day of operation various trucks were driven tit6e
causeway, loaded through the hopper, and driven forward to *a -- 'tI
causeway connected to the opposite side of the 7x15 barge.;, "hL-wa.
of course, different from the previous day's operation, diar. Oily-
one truck was used in the bopper loadir tests.

The trucks from two causeway ferries were loaded thrbgh the.
hopper. They are discussed below.

For each of the two causeways, the crew size was the sme. The
was c total of nine: one at each of the four &aide assemblies, one
for each of the four taglines and mne in charge. Both Amy ap M
personnel were used.

First Causeway

The first causeway had six trucks on it. The first fnur were
loaded using an automated spreader ber. Due to problem in the control
system of the autometed spreader bar, the remaining two trucks (as wll
as alA the tr-cks on the second causeway) were loaded with the apumal
spreader bar. The malfunctioning of th automated spreader b was in
no way r~lated to the fact that it was used in the hopper operation.

Table 5 presents data on the first causeway operations. he
times are defined as follows:

Table 5. First Causeway Loading (11 October)

Elapsed Tine Elapsed Time
Container Wt to Position to

1. Ep dy/3R10 M52/MI27 * 4:30 3:00
2. i0/t017- Mal 8s1 r7 0:45 2:00
3. Emp~ty13643 M521HUMVAN chassi~s 0:30 1:45
4. 10/4010 M818/MILVAN chassis 1:30 &:45
5. 10/3729 X.52./MVAN chassis* 0:30 3:00
6. Empty/3648 M52/MILVAN chasstls *  0:30 2:45

avg - 1:22 2:23

NOTE: 1. Runs 1-4 done with autozatic e-preader bar; runs 5 and 6
done with mnnual spreader bar. 2. Read "minutes:seconds"

Complete run with no delays due to spreader bar problems.
•**Off center lord.
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Elapsed Time to Position Truck: Time beginning when the front
bumper of the truck first passes under the hopper, ending Vhen the truck
is stopped in position to be loaded.

Elapsed Tim to Load Truck: Time bealining when the crane operator
begins to lower the container through the hopper (from about 10 feet

above the bumper), ending vhen the spreader bar is disconnected from the
container resting on the truck. This is the most significant time since
it is the actual loading time at the hopper. Moreover, it should be
noted that the truck could always be positioned in less time than it
took the crane to swing over the ship, pick up a container, and swing
back over the hopper. That is, crane cycle time and elapsed time to
load the tru.ck are critical and truck positioning is not.

Because of the delays in tyring to fix the automated spreader bar,
the loading of the trucks through the hopper was not a sustained operation.
in fact, operations were suspended for an hour as technicians attempted
tUo fix the unit. Even runs No. 1 and 2 are suspect, since the spreader
bar was beginning to fail during that time.

Runs 5 and 6 with the manual spreader went continuously. This can
be cousidered a sustained operation. Total elapsed time to load the two
MILVAN. chassis was 7 Minutes, hich includes one minute delay between
trucks. The average is 3 minutes 30 seconds per truck for two complete,

sustained loading cycles.

* Observations - First Causeway, Second Day

The same problems encountered in the previous day's operation
occurred in the loading of the first causeway on the second day. Most
notably, tiglines were mishandled: sometimes they were jeft to hang

free,' thereby becoming tangled or caught on some part of the hopper.

Again, lack of practice more than anything else was the problem.
After the first six trucks were loaded, the crane operator was

interviewed. He stated that in his opinion taglines were not required
at all in guiding the container into the hopper. The six hopper busper3

presented a large enough target for him to get the container into the

hopper with no difficulty. Once in the hopper, of course, the taglines
were clearly unnecessary.

The slight evidence there is indicates that the taglines are un-

necessary to get the container into the hopper. In the third run (Table

5), taglines were not used end it can be seen that this is the shortest

elapsed time. In the remaining rims the taglines were "used" in the
] sense that someone was pulling on them but- according to the crane opera-

tor for all practical purposes he vas doing the positioning by using the

bmpers to center the container over the hopper.
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Second Causaty Second Day

The second causeway had five trucks on it, one of which was the
Harine Corps' M123 tractor with two trailers. All the loadings were
with the =snual spreader bar. Table 6 is a data sumary of the second
causeway loading through the hopper. The data in Table 6 is presented
in different form than Table 5. In Table 6, the elapsed time at various
stages of the loading process are given. Tine zero is when the buper
of the truck first passed under the hopper. The time the trailer was
positioned (ready for loading) was considered the next event. Following
is the time when the crane operator has begun to lower the container to
the hopper. The final time is "spreader bar disconnected" which for the
manual spreader is the time at which a deck crew member has pulled the
rope to disengage the spreader from the container.

The delay between trucks, given in the last colum of Table 6, is
the difference in time between when the spreader bar is disconnected
and time zero for the following truck.

Adding the elapsed times for each run to the delay between trucks
gives total time, inclading crane cycle time, to load the five trucks
with the six containers. The total is 34 minutes, 40 seconds or an
average of 5 ,ainutes, 46 seconds per container. Average delay between
trucks is 38 seconds.

The average of the differences between the "time container began
lowering" and "time spreader bar disconnected" is 3 minutes, 22 seconds.
In other words, actual loading time through the hopper - disregarding

- - - crane cycle time and positioning of the truck - is 3 minutes, 22 seconds.

Observations - Second Causeway, Second Day

The taglines became tangled again on three of the trials, and it
was evident that some of the crew members were still learning. However,
the crew was coordinating the operation of the fine positioning guides
with greater efficiency.

Comparing the time differences between "time began to lower con-
tainer" and "disconnect container" of Tables 5 and 6, it can be seen
that the trucks of the first causeway were loaded in consistently faster

times than those of the second. This is particularly true of the
HTLVAN chassis times, where, for the first causeways, four chassis were
loaded in an average time of 2 minutes 19 seconds, with none longer
than 3 minutes; yet, for the second caiuseway the same average was 8
minutes 51 seconds for two chassis. This is most likely explained as a
difference in crew familiarity with the equipment. For example, for the
first truck off the second causeway, the wan directing the truck had the
driver stcp nearly 3 feet short of the loading position, suggesting some
lack of familiari y With the equipment.

Nevertheless, some of the loadings of the M127 flatbeds were
accomplished in relatively short times. These were performed without
too much difficulty, although taglines were mishandled occasionally.
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The tandem trailer rig easily negotiated the causeway and had no
problem driving through the hopper.

Overall, there were no problems in the operation of the hopper
mechanisms. All components functioned satisfactorily during both cause-
way loadings.

Comparison of MILVAN Chassis and M127 Loading Times - Second Day

When loading the flatbed, all the crew had to do was ensure there
ws no overhang of the container once it was on the bed. They used the
guide assemblies but manipulated them very little. in fact, the flatbed
loads were essentially a straight through operation with no positioning
of the container other than to have the fine positioning guides in
position as the container was lowered.

On the other hand, the MILVAN chassis has the four twist locks on
which the container must squzely rest. The room for error in placement

is very mall, on the order of 1/4". Not suprisingly, then, the fastest
of all loadings was on a M127; it took 1 minute. Yet two of the fastestI: loadings (which were on the first causeway) were MILVAN chassis, which
were loaded in I minute 45 seconds each. On the other hand, two of the

longest loading times were with the MXIV- chassis: 5 minutes 5 seconds
and 6 minutes 30 seconds for the two chassis can the second csvway.
As mentioned above, most of the problem here was due to crew inexperience.
Considering that the four cha sis on the first causeway were loaded in
an average time of 2 minutes 19 seconds, with no time exceeding three
minutes, it seems logical to conclude that something other than the fact
a chassis was being loaded caused the longer times on the second cause-
way. The weather was no different and the containers were actually
lighter (assuming that container weight is a factor), so lack of crew
expertise appears to be the most appropriate explanation.

Using the times of the first causeway, the average loading time for
the four chassis is 2 minutes 19 seconds; using the two trouble-filled
runs of the second causeay, the average increases to 4 minutes 28 seconds.
Thus, in either case - ignoring the extra long chassis loadings or not -

the flatbeds were loaded in less than average time. Using what are
considered representative data, however, the difference between the average
loading times is only 16 seconds. Admittedly the quantity of data is
limited, but it at least suggests what is possible when using :he hopper.
(For post-OSDOC II tests of considerably more trials, MILVAN chassis
loadings averaged less than two minutes. These tests are discussed later
in the report.)

coOnsm of, nE CREW AT OSDOC II

It was the opinion of the crew =mbers interviewed that the trucks -
specifically the MILVAN chassis - could not be loaded without the hopper.
Most mentioned that wirxi forces on the container as well as barge motions
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would make it extremely difficult - probably impossible - to use a crane

Ito place a container on a chulis. Tests during OSDOC I in December 1970
substantiate theo starerms.

Concerning the design and operaticn of the hopper, the crew had few
coements. None found the hopper difficult to operate. One crew chief
recommended that something more positive than the orange lines on the

deck are needed to stop the truck in the loeding position. This sug-
gestion was heeded in the post-SDOC II tests aad proved to be worthvhile.

CLINE OPERATORS' CcMMENTS AT OSDOC I

The crane operators had favorable coments on the hopper. They

found it easy to use the six bumpers to orient the container for lower-
ing the container to the truck. As stated earlier, one operator mentioned
that he thought taglines were unnecessary to guide the container over
the hopper. In fact, in one of the fastest of all the loadings duzing
the two days at sea taglines were not used.

Another possible use of the hopper top was offered by one crane
operator. He suggested th.at the hopper top be place over the container-
ship cell to guide the speader bar or retrograde containers into the
cell. it ve his opinion that this arrangement would be considerably
more efficlnt than a crew on the ship pulling on taglines to maneuver
the sprecder so it can be lowered into the cell. With ainor additions
to the hopper top, this proposal could be carried out. It would be a
relatively easy task to add short legs to the hopper top so it could be
quickly transferred frca one cell to another.

PE FLATION OF COTAI(ERS AT OSDOC 11

because of the calm seas, the lack of wind. and the skill of the
crane operator, the container did not pendulate fore than a few feet
in any direction. Conseqently, the containers were never moving fast
enough te hit the bumpers with significant force ar the bumpers vere
therefore only lightly loaded. However, at sea end in the post-OSDOC II
tests, the crane operators would sometimes lower the container quickly
and it would strike a bumper fast enough to compress the tires a foot or

See, for example, "After Action Report: Evaluatin of Off-S-hore Dis-

charge of Containerships, 5-9 Dec 1970," U. S. Army Transportation Center
and Fort Eustis, Virginia, pages C-1 and C-2, where it is stated that
"The practicality of positioning a container onto a chassis when either
the lifting device, chassis, or both are influenced by uncontrolled
morion is inconceivable."
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so. Because the containers were not pendulating significantly, the
bumpers were relied upon more as alignment devices than as energy
absorbers. Nevertheless, they did deflect small awtrts, which is sore
desirable than having the containers hit a rigid strtscture.

DAMAGE TO CONTADNERS

No damage occurred to any container lowered through the hopper.
Pitnt on some corner fittings was scraped off, but this was not
significant.

EFFECTS OF SEA STATE AND WEATHER ON HOPPER GFERATIONS

Barge motions at sea during the two days testing were mild. The
fi-st day (10 October), sr'ells of four feet in height were recorded; on
the second day, 2 feet. Consequently, there was some motion of the
barge.

On a number of occasions on the second day, the container wuld be
withi half a foot of the trailer and it was noticed that the container
was relatively stationary while the trailer was moving up and down with
the 7x15 barge, sometimes making a contact with the container. In
addition. the barge would move back and forth. It is this kind of

otion which makes it extremely difficult if not impossible to use a
crane to put the container en the MILVAN chassis without some assistance
from the hopper. Once in the hopper, the container was restraineJ and
the loading of a trailer was acco=plished as if there were no motions
at all.

Wind velocities never exceeded 17 knots during the loading operations
at sea. The wind had no effect on the containers once they were confined
by the hopper and very little, if any, effect on the containers swinging
freely from the crane. Weather during the two days the hopper was used
at sea was wild.

EFFECT OF CONTAINER WEIGHT ON HOPPER OPERATIONS

The containers lowered through the hopper were either empty er
loaded to 5 or 10 tons gross. Some of the fastest loading times were
with the 10-ton containers, suggesting that container weight has no
influence on t':: speed of hopper operations. in addition, the hopper
crew could not tell if the container was loaded or not as they manipulated
the fine positioning guides. In sun, the weight of the container had no
discernible influence on the speed and ease of hopper operations.
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EFFEC OF SPREADER BAR VM ON HOPPER OPERATION

Three different spreader bars were used in the hopper loadings:
two at OSDGC IX and one in the post-OSDOC II tests (discussed in the
following section). One vat fully automatic and the other two were
manually operated. As far as the operation of the hopper is concerned,

there are no differences in the spreader bars.
Fine positioning of the container with guides did not vary with

spreader bar type and, of ccurse, the buaers performed the same.

OVMML EVALUATIO OF HOPP R OPERATIOMS DURIU OSDOC II

The hopper was used without problems and no significant changes to
it are necessary. From an overall standpoint the operation of the
hopper was a success. The M127 flatbed trailers were loaded in as little
as one minute and KILVAN chassis in I minute 45 seconds.

However, the hopper was not used as much as planned. The two crews
operated the hopper a total of twelve times each: six times the first
day and six times the second day. In other words, the hepper was ot
used enough on a consistent basis, which sakes it difficult to draw any
worthwhile conclusions about cycle times, equipgent durability, and
learning curves.

Given this situation, it was decided that more hopper tests should
be done after OSDOC II. It was imossible, of course, to test it at
sea with the containership, DeLong barge, and barge crane. But the
a arrangement of the equipment and the loading conditicas could be realis-
tically duplicated in a harbor with no large coatwant of manpower and
equipment.

1ItI
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IV. POST-OSDOC I! HOPPER IESTS

GENEAL DESCRIPTION

The post-OSDOC II hopper tests took place at Amphibious Construc-
tion Battalion-IWO, Little Creek, Virginia, approximtely too weeks
after the cospletion of OSDOC II. A Navy crawler crane, parked on a
dock was used to lover a container through the hopper onto a M52/
MILVAN chassis, The hopper was 5till moted o= the 7xr5 barge.

Figure 28 is a photograph of the test setup. The container was empty.
The test procedure was the same as the first day'z testing at sea.

Starting from the far edge of the 7xi5 (the extreme left of Figure 28)
the trick was driven under the hopper. The crane then swung the
container 900 - from over the dock to over the hopper- and lower'.d it
through the hopper. Orce the containe vas on the trailer so it could
be secured with the twist locks, the deck crew rotated the guide
assesibliez to the open position and the crane operator lifted the
container up and out of the hopper and swung it back over the dock.
The truck was backed out of the hopper to the start position and the
operation repeated.

The truck was loaded 25 times through the hopper with the nopper
top in place. The top was removed and 25 loadings were done without
the top, Just using the fine positioning guides. For basis of coopari-
son, 18 runs vith the hopper were also done.

CRw

Usually there were seven SEABEES in the crew, but soaetizes only
five -ere available. There was one truck driver, a crane operator,
and either three of four in the deck crew. If there were only three
in the deck crew, the truck driver would help operate the hopper after
he had the truck in position. There was never izore than one nan to a
corner in the loading operation.

The tests took two days. Probably a total of ten to twelve nen
took part at one time or another. However, only one crane operator vas
involved; he ran the crane for every loading throughout the two days.

POSITIONNG OF ME TRUCK

As mentioned in an earlier 3ectiou, two orange lines were painted
on the deck to mark where the front wheels of an Y52 truck tractor
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should be for loading a MILVA2I chassis. To nake this stopping technique
even more positive, a piece of lumber was placed on one of the orange
lines to stop the truck. The arrangement is shown in Figure 29.

Using the lumber to stop the truck was very effective. Moreover,
it was small enougl- that one man could easily place ic on the orange
line with no loss oL time.

POST-OSDOC II TESTS WITH THE HOPPER TOP

tp The following times were measured for the 25 runs with the hopper
top:

Time Zero: Cluck starts when front: bumper of M52 first
passes under hopper.

Time Truck in Position: Time at which the truck is stopped,
ready to load.

Time Container Strikes Bumper: Time at which the container
first strikes any cf the six bumpers.

Time in Guides: Time at vhich the lower edge of container
is even with the upper edge of the fint. positioning
guides.

e Time Container on Truck: Time at which all four lower corners
of the container are in position, ready to be

! locked onto the MILVAN chassis.,

Time Container Clear: Time at which the container has been
lifted from the truck and is no longer over the
hopper.

All of the above are elapsed times, beginning at "time zero."

Time to Position the Truck - Tests With the Tep

The time required to position the truck (beginning of course, at
time zero), averaged 24 seconds. The mode was approximately 15 seconds
with some runs as short as 10 seconds.

Two of the runs were over a minute. In both cases, the driver came
in crooked and the trailer wheels climbed up on the guide rails.
Ignoring these two trials, both of which are anomalous, the average
time to position the truck is 19 seconds.

In all runs, one of the crew, standing near where the truck should
stop, gave directions with hand signals to the driver as he drove the
truck under the hopper. The signalman also gave directions on when to
stop, in addition to using the piece of wood as a wheel stop.
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Time to Load - Tests With Top

The time between when the container fist strikes a bumper and
when it is in the position to be locked on the truck is defined as
"time to load." This time averaged 56 secocds for the 25 trials-.

Time in Guides - Tests With Top I

The time between when the container was first at the guides and
in the position to be locked to the truck averaged 38 seconds. This
can be considered the time spent in the fine positioning operation,
i. e., turning the wheels to move the guides to get the container
squarely on the chassis.

Total Cycle Time - Tests With Top I
The total cycle time begins at time zero and ends when the con-

tainer is out of and clear of the hopper. Average for this time was
2 minutes 48 seconds.

POST-OSDOC II TESTS - NO HOPPER TOP

The hopper top was removed and 25 loading trials were done without
it. This test was originally part of OSDOC II, but time limitations
forced cancellation. Figure 11 is a photograph of the test setup

* without the top.
The top was removed in 39 minutes. One welder cut the 16 bolts

which held the top to the base. The top was lifted off by the crane
with no difficulty.

Time to Postion Truck - Terts Without Top

The average cime to position the truck was 14 seconds, begitmi-g
at "tize zero" and end when the truck was in position, ready to load.

This time is considerably less (10 seconds less) than the tests
with the hopper top. The improvement is not related to the fact that
the top was off. Rather, it can be attributed to the fact that the
truck driver on these tests was highly skilled. He had approximately
eight years experience as a driver, most of which was driving
commercial trucks before he entered the service.

Time to Load - Tests Without Top

The time to load is defined as the time elapsed betv4een when the
container was over the guides and when it vas positioned on the truck
and ready to be secured. The average without the top was 63 seconds
for the 25 trials.
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The 63 second average is more than 56 second "time to load" for
the trials with the top. It appears that the difference can be
attributed to the beneficial effects of the top when used to center the
container over the fine positioning guides. Without the to- it was
necessary for three of the crew to pull on the rtaglines to orient the

(empty) container in the proper direction. This took more time than
using the bumpers or, the top to guide and sring the container into
position.

Time in Guides - Tests Without Top

The "time in guides" is defined the same for both the teats - top

or no top. It is the tiue spent doing whatever manipulation is required
of the hinged guides to get the container squarely onto the truck. The
average time for the 25 runs without the top was 37 seconds. This is
within one second of the 38-second average for the 25 runs with the top.

Total Elapsed Time - Tests Without Top

Total elapsed time, beginning at "time zero" and ending when the
container was up and clear of the hopper, averaged 2 minutes 3 seconds.
This is less than the 2:48 required with the top.

The difference can be attributed to part to at least three dif-
ferences between the top vs no top tests. First, the driver was quicker
and had no trouble in driving under the hopper. Second, and probably
most significant, the time to lower the container irto the guides and
lift it out is considerably less than without the top than with it.
To clear, for example, the crane operator had only to lift the container
about 2 feet from the truck before he coeld start to swing the container
over the dock. He, therefore, started to come in lower with the
container and thic reduced the time spent in lifting and lowering
through the guides.

Third, it was zlear that the crane operator was becoming more
skilled at placing the container over the hopper - top or no top. He
had over 50 trials with it, and was quite accurate in his placement
of the container.

TESTS WITH NO HOPPER

Eighteen (13) loudings were done without the hopper. The truck
was parked on the 7x15 barge and the crane operator went through the
same motions in loading: swinging the container fron over the dock
to over the truck when lowering it to the truck. Three SEABEES were on
the 7x15 barge to handle taglines and push the container into position
on the trailer.

The timing of this exercise was necessarily different than for
tests with the hopper. "Time zero," when the timing began, started
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with the crane swinging the container from over the dock. The timing
ended when the container was on the truck, in position to be locked.
The average time for loading in this fashiou was 75 seconds. The
average elapsed time from instant the container was over the truck
until it was in the locking position was 56 seconds.

It is difficult to compare the loading operation without the
hopper with the two loading operations %ith the hopper. The three do
have one thing in common in that the container was positioned over the
trailer and lowered downward to the final locking position. The average

: times are:

Hopper with top (average elasped time from
instant container hits bumper until it is
in locking position - 25 runs) . . . .......... 56 sec

Hopper without top (average elapsed ti. e
from instant container is over hopper
guides until the container is in locking
position - 25 runs).... ................... . 63 sec

No hopper (average elapsed tine from
instant container is over traller until
it is in lccking position - 18 runs) .......... .56 sec

In other words, with an e container, suspended from a craneon land, it makes no difference whether the hopper with the top or no

hopper at all is used if only the time over the trailer is considered.
On the other hand, it takes slightly longer to load the truck with the
hopper using no top and only fine positioning guides.

The operation of the hopper with the top was fast because it was
not difficult to drop the container through the bumpere, which aligned
the container and guided it right to the fine positioning assembly.

On the other hand, operating the hopper without the top took
slightly longer because the crane opcrator and crew had to position
the contsiner somewhat before it could be lowered into the fine
positioning guides. This positioning operation added an average of 7
seconds to the loading operation.

n the non-hopper loadings, the deck crew pushed the 4,700 pound
empty container with one hand while holding the tagline clear with the
other. They usually pushed the container sidewkys 4-6 inches until it
appeared aa though the lower corner fittings were over the twistlocks.
They would stop puching, hold the container in position and signal the
crane operator to lower the container.

Usually the crane operator would drop rather than "lower" the
containers. Most of the time all three crew members were aware that
the container was to be dropped; some of the time one may not. Thus,
there was a certain element of danger in this loading procedure which
could be eliminated by making it unnecessary for the deck crew to come
in contact with the container.
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In post-test interviews the crew stated that tio things usually
slow down loading cperations. First, loaded containers are difficult
to push into position, jo more maneuvering of the crane is required to
got the container close to the twist locks. Secondly, winds can exert
forces on the container which make it difficult to move, position and
maintain position.

Comparison of Time to Position Truck - Post-OSDOC II and OSDOC II Tests

The improvement in truck positioning which resulted from using the
lumber as a theel stop is best shown by comparing average times. During
the causeway operations at sea, the trucks of the first causeway were
positioned under the hopper in an average of 1 minute 22 seconds, the

second causeway, 38 seconds. Measurement of truck positioning time
began when the bumper of the truck was first under the hopper and ended
when the truck was stopped, ready to be loaded. For the post-OSDOC 11
tests, in which the lumber was used, the truck positioning times were
24 seconds for the inexperienced driver and 14 seconds for the skillful
driver, for an overall average of 19 seconds.

-Another reason for the improvements in positioning may be due toI the effect of the learning curve applied to the driver and the man
directing him. Some of the drivers in the tests at sea drove through
the hopper only once. The drivers in the post-OSDOC II tests drove
through it 25 times each. While the data to not strongly suggest a

leArniug curve for the driver and man directing him, there appears to
be some improvement after the first few trials -- at least for the
inexperienced driver.

Summary of Times - Post-OSDOC I! Tests

The various times discussed above are summarized below. All
defined times are elapsed times from time zero. All trials with the
hopper include positioning the truck and swinging container 900 with
the crane before lowering.

Hopper With Top (Post-GSDOC II Tests, 25 Trials)

A. Time truck stops - in position
B. Time container strikes a bumper
C. Time container in guides
D. Time container chassis, ready to be locked on
E. Time container free and clear of hopper

Average of A - 24 seconds
Average of D - I minute 48 seconds
Average of E - 2 minutes 48 seconds
Average D - C - 38 seconds
Average D - B - 56 seconds
Average E - B = 1 minute 56 seconds
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Hopper Without Top (Post-OSD..II Tests, 25 Trials

A. Time truck stops - in position
B. Time container over hopper guides
C. Time container in guides
D. Time container on chassis, ready to be locked onE. Time container free and clear of hopper

Average of A 14 seconds
Average of D 1 minute 28 seconds
Average of E - 2 minute3 3 seconds
Average of D - B - 63 seconds
Average of D - C = 37 seconds
Average of E - B - 1 minute 38 seconds

No Hopper (2ost-OSDOC II Tests, 18 Trials)

All defined times are elapsed times, beginning when the
crane operator began swinging the container 900 from over the dock:

A. Time container over trailer
B. Time crane operator begins to lover container
C. On chassis, ready to be locked on

Average of C 1 minute 15 seconds
Ave-age of C - A 56 seconds
Average of C - B 42 seconds

It should be noted that generally it takes longer to raise the
container off the truck and through the hopper than it takes to dis-
connect the spreader bar and raise it free and clear of the hopper.
When raising the container off the truck and up through the hopper,
the crane operator was careful and raised the container slowly. When
raising a disconnected spreader off the container and up through the
bumpers, less care had to be taken since the spreader is up high
already and requires less travel distance to get it up and out of the
hopper. In the case of the hopper without the top, there is little
difference between lifting the container off the truck and clear of
the guides or disconnect the spreader and lift it free.

For example, with the top on the hopper, the container must be
lifted a total of 15 feet off the truck before it is clear of the bumper
arms. On the other hand, the spreader bar has to be lifted only 7 feet
before it is clear of the arms of the bumpers. The extra lifting
distance, combined with the slower lifting rate used to lift the con-
tainer off the truck and through the hopper, result in a time difference
between the hopper loadings of the postOSDOC II tests a"d ihat would
actually occur during a sustained loading operation. Based on observa-
tions during the second day of hopper opcrations at sea, this difference
is estimated to be 20 seconds less for the case in uhich the spreader
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is disconnected as raised clear. Consequently, from the time a concainer
first strikes a bumper until the s!r eade bar is clear and free of the
hopper vill be 1 rainute 36 seconds instead of I minute 56 seconds as
given above (time E - B for the hopper vith the top).

EFFECTS OF WEATHER

Barge motions during the post-OSDOC II tests at Little Creek vere
virturlly non-existant. This is one reason - the most important reason -
that the loading operations without the hopper vent quickly.
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V. ESTIX&TE OF LGADfII CYCLE TIMS AT SEA

The loading cycle timaes measred at the past-OSDOC H tests can be

used as the basis for esrimting the total cycle time for a loading at

sea during a srttained operation. Such an estimate is based on the
assumption that as far as the operation of the hopper is accerned, I

i. e., positioning the truck and oparating the guide asemblis -- there |

is no aignificant differerce between operation at sea and the operation
in the harbor. This appears to be a reasonable auatmption based or the

observati s s data gathered during i hopper teats. o t
A b important difference erth noting is that in the followinic

estimate the truck would not be stopf under the hopper by simply
judging the proper loading position, as was dose in the .o days of
hopper operations at sea; instea, th e positive stopping deve used
in the post-OSDOC e test would be employed.

With these qualifications in mind, it is interesting to estimate

the probably total cycl time based on de post-SDOC 1 tets, which
consist of a reasonably lrge number of trials, and operatonl times
of the crane on the DeLo barge, aich ers used a large number of
times in operations other This tase involvtg the hopper. Personnel
evaiuat the crone have concluded that on the aerge the cycle tioe
for the crane is 2 minutes and 50 seconds. The zycle starts vith the
spreader bar 5 feet above the conaership cell. e spreader is
loered into the cell, secured to container, iohe container liftd and
sthng over to the hopper. This Aakes 2 minutes 20 seconds. An
additional 30 seconds is required to ing the empty spreder back to a
point 5 feet over the cell, rtaking the grand total 2 minutes 50 seconds.
The crane cycl the icn be added to the hopper loading time to ciculate
the total cycle time for loading one truck through the hopper. in the
post-OSDOC II tests at Little Creek, measuremente were made between the

instant the container first strks a bumper, is loaded onto the chassis,
ad then is lifted up and clear of the hopper. A coservtive riuction
of 20 seconds is wade for disconnecting the spreader bar from the
container and raising it rathe secn da c er of opper~hopper. This is the tifte discussed in the previous section, which is

~I minute 36 seconds. Therefore, the estimated totaL cycle time is
i 2 minutes 50 seconds plus 1 minute 36 seconds, or a total of 4 milnutes

26 seconds.
The second causevay on the second day (11 October) of hopper

operations at sea was the closest of all the tests to a sustained load-
ing sequence. The average was 5 minutes 46 seconds per truck for six
traiiers. The estimated time of 4 minutes 26 seconds is over one minute
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less but appears to be a realistic figure. In fact, it may be conserva-
tive: on the first causemy, the last two MILVA. chassis were loaded
in a total elapsed time of 7 minutes, for an average of 3 minutes 30
second* per truck. In these runs everything went as planned, particu-
lrly over the containership, where the second container was smoothly
and quickly lifted out of the cell.

it is important to remember that the estinsted cycle time is based
solely on changes at the hopper. The most important change is the use

of a crew i.hich has used the hopper more than a few times. Even further
reductions in truck loading time would be possible if the crene cycle
were made more efficient. Almost 3 minutes of the total cycle time of
4 aintues 26 seconds is taken up by the crane. Perhaps the change of
greatest benefit would be to put another hopper top over the cell of
the containership. This would reduce the time required to position the
spreader bar over the cell before it can be lo ered. This app-oach
was strongly endorsed by one of the c-rane operators.

Finatlly, it s~hold be noted that the ectizated cycle time i.s based

on the use of the hopper with the top. Testing of the ho er ithsbae
the top was not done at sea due to schedule changes durie SiO 11.

Until the feasibility of using the hopper without the top is desmo-
strated, conjecture on cycle loading times sh-ould be avoided.
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VI. CONCLUSINSAOgD.LI1 AND POST-OSDOC II

r 01ERAI0 ML TESTS

It is concluded that:

1. The hopper greatly aids the placing of containers by
f loating crane onto truck trailers. This is particulary true if the
trailer is a M..VAN chassis.

2. Placement of a container through the hopper top is an
easy and efficient operittion which requires little, if any, reliance
on taglines to rotate the container in the proper direction. The crane
operator alone can mneaver the container through the top.

I 3. One amui per corner is sufficieat to operate the fine

positioning guides of the hopper. Each man can push his guide assembly

into position, operate the fore-aft and sideways controls and push the
assembly to the open position once the container is placed on the truck.
Oae additional man should direct the truck driver in and out of the
hopper as well as coordinate the efforts of the four other men.

4. Positioning the truck under the hopper presents no
unusual dm nds on the truck driver. A positive stopping method is
desirable. The latter could be a piece of wod placed on the deck which
stops the truck at the proper loading position.

5. The bopper can be assembled with no unusual demando on
personnel or equipment. With minor changes, subsequent essemblies
sheuld be faster than the first, which took 96 man-hours.

6. The possibility of damage to a container as it is lowered
through or lifted out of the hopper is reoote.

7. The gross weight of the container has no influence on the
ease of speed of loading through the hopper.

S. Barge motion; have little if any influence on the ease
and speed of loading through the hopper once the container is within
the confines of the six bumpers.

9. No major modifications are required to the hopper. The
only change to the unit will be to put a small stopping device in the
latch hich locks the fine pasitioning assembly in and out of position.
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10. The hopper can vithstand indefinite usage of the type

experienced in OSDOC MI

II. The type of spreader bar used to handle the container
has no infiuence on the hopper operation.

12. The H127, M.L.VAN chassis, M52 truck tractor, and M123
truck tractor, as well as similar equipment, can be loaded through the
hopper without qualification.

13. MILVAN chassis take2 longer to lead through the hopper
than flatbed trailers. (Hovever, it takes much too long to secure
containers to the flatbed trailer,.)

14. The truck can be positioned under the hopper in far
less time than is required for the crane to sving over to the ship,
take a container out of a cell or off the deck, and swing back over
to the hopper. Consequcatly, truck positioning time is not critic*l
to hopper efficiency.
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Appendix

EPRo IN USING VA rOR, V

!A

The probiem of z sri-ging suspen4ed concrete weight can 'e idealized
by a two-degree of freedom pendulum as sbcvm in Figure A-1. The object-
ive here is to obtain expressions for velocity of point "' and velocity
of the center of gravity (cg), respsttivvey so that a meaningful compari-
son can be made and the error in using V instead of V can be estimted.

To obtain the expressions fo VA aza V , the fod ing approach
is used: cg

(I) Foroulate the governing differential equztions and
obtain the general solution.

(2) i=pose the initial conditions and obtain the solution
for specific probli= in cjuestIon, t. e., the sulzging
veight problm.

(3) For=lite expressions for VA Vc.

(4) Assess tk.e difference between VA a Vcg-

FM.V TION

The kinetic energy of the system (Figure A-I) can be expressed as

K- 2 .2 (A-I)

the term i/2g (V 2 represents the K.s due tc the curviliner nozioa
of cg, and secoagterm represents the KE due to rotation abcut the cg.

Referring to Figure A-i. by cosine TIz,

cg + 2 (ti) (a;) coS ( 42)

( + 2 ( (a) + (aq)

on account of the s-allness of (6 - i), i. e., cos (6 - *) .
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By (A-1) and (A-2)

(A-3)

T =- - [ 2t4+ 24,a + a J I A2g xc

The potential energy of the system is

PE v = Wt(I- cos 4)+ a(1- cos 0)] (A-4)

2 t' + a

Here again, 0 and 0 are assumed to be small so that higher order terms

can be neglected as compared to unity. With (A-3) and (A-4), letting
q= q, = 8, the Lagrangian equation.

(A-5)

d C'T c)T dV
dt 4s - aqs bqs 0 s 1,2

yield the following differential equation for the system:

(A-6)

W 2 + Hat +g ' g

_ -- + + I + Wa =0

Equations (A-6) are the governing differential equations.

T E GENERAL SOLUTION

By assuming a solution of the form

(A-7)

= A sin (pt + r)

e = B sin (pt +a)
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the general solution to equations (A-6) is obtained as follows:

(A-8)

0.967 B1 sin (pit+ '1 ) - 0.052 B 2 sin(P 2 t+2)

0 = B1 sin (plt+crl)+B 2 sin (p 2 t+u 2 )

where

p1  0.714 radians/sec - tre fundamental frequency

4.355 radians/sec

B1, B2, CY1 and Cr 2 are the fcur constants of integration to be determinedby the initial conditions.

THE SOLUTION

The initial conditions are:

(A-9)

_= 0.0868 radians

=0e
trio

t =0

0
t =o

Using (A-9), the four integration constants in (A-8) are determined as
below:

(A-10)

l '2 2

BI = -B2 = 0.0852

and the solution becomes

1

77d



n (A-nl)

0.0852 [0.967 cos p lt + G.052cosP 2t]

8 = 0 085Fs- Cossp ~tl

THE VELOCITIES VA, Vcg

Referring to Figure A-i, for small oscillation, the velocity of
point A can be expressed as:

(A-12)

= -3.843 sin plt + 0.7532 sin p2t

and the velocity of the cg as:

(A-3)

V = +a8
cg

- -3.714 sin plt -0.03154 sin p2t

ERROR IN USING '/ FOR V c

The velocities VA and V are plotted and shown in Figure 18. For
convenience, the curve for V is approximated by connecting points with
straight li ne segments. By htefining the error, E, as the ratio of

V - V
A -V

V
eg

Figure 18 shows a fairly good general agreement between VA and V
except at a few peak spots where a maximum E of about 307.% is sho.

From another viewpoint, the difference between VA and Vcg is, by
(A-12) and (A-13).

(A-14)

VA - V -0.129 sin pit + 0.7847 sin p2t
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The coefficient of (VA-Vc) for the fundamental mode, the dominent
mode, is -0.129, which is only .47% that of Vcg, that is, if we write

(A-15)

VA- Vcg - A. * in pt+ A2 sin p2t

V cg =B Isin p t + B2 sin p2t

I A,"3.47%

Based on this, it is believed that the overall error introduced in
using VA in place of Vcg would not exceed 4%.

II
II
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rData:
1 60'

0 a 4,A - 5.15'

a -t 3.035'

*c.g. W = 30,000 lbs
4A *A% 0 - 0.0868 radians

U Ia ~-0 8 ~

t0 ' t t=O

Figure A-1. Peniulum with 2-degrees of freedom.

y

4'Ut 3 10,000 lbs
/I =cM5,050 lb-ft-sec2

Figure A-2. Weight
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